T he grow th of po pulations of th e beetles Tribolium confusum an d Oryzaephilus surinamensis w as observed in m edia of w heat, coarse w holem eal flour and fine wholemeal flour, respectively. These were m ain tain ed a t a co n stan t level b y th e periodic transference of th e insects to equal am ounts of fresh m edia. P o p u latio n grow th was best observed in fine flour, from which all stages could be sifted o u t an d counted. I n populations of each species beginning w ith two a d u lt m ales a n d tw o fem ales, m ax im a for eggs, larvae an d pupae succeeded each oth er and finally ad u lts em erged a n d them selves rap id ly rose to a m axim um . The ad u lt populations rem ained stead y a t th e m axim um , while egg, larval an d pup al populations flu ctu ated round m ean values. T he ra te of p o p u latio n grow th was determ ined by th e rates of oviposition an d developm ent on th e one h an d , a n d of cannibalism on th e other. Such cannibalistic eating of eggs and, m ore im p o rta n t, of p u p ae b y ad u lts a n d larvae, ra th e r th a n th e lim itatio n of food, also determ ined th e m ax im u m po p u latio n size. A com parison of th e rates of oviposition w ith th e rates a t w hich a d u lts em erged showed th a t in such populations th e m o rta lity in th e im m a tu re stages was over 99 % .
T he grow th of po pulations of th e beetles Tribolium confusum an d Oryzaephilus surinamensis w as observed in m edia of w heat, coarse w holem eal flour and fine wholemeal flour, respectively. These were m ain tain ed a t a co n stan t level b y th e periodic transference of th e insects to equal am ounts of fresh m edia. P o p u latio n grow th was best observed in fine flour, from which all stages could be sifted o u t an d counted. I n populations of each species beginning w ith two a d u lt m ales a n d tw o fem ales, m ax im a for eggs, larvae an d pupae succeeded each oth er and finally ad u lts em erged a n d them selves rap id ly rose to a m axim um . The ad u lt populations rem ained stead y a t th e m axim um , while egg, larval an d pup al populations flu ctu ated round m ean values. T he ra te of p o p u latio n grow th was determ ined by th e rates of oviposition an d developm ent on th e one h an d , a n d of cannibalism on th e other. Such cannibalistic eating of eggs and, m ore im p o rta n t, of p u p ae b y ad u lts a n d larvae, ra th e r th a n th e lim itatio n of food, also determ ined th e m ax im u m po p u latio n size. A com parison of th e rates of oviposition w ith th e rates a t w hich a d u lts em erged showed th a t in such populations th e m o rta lity in th e im m a tu re stages was over 99 % .
I n com petition w ith Oryzaephilus, w hich depended entirely upon m u tu a l p redation, T ri bolium h ad th e a d v an ta g e because of its greater v oracity. Oryzaephilus was driven ou t of th e flour m edia w hich did n o t p ro te c t its pupae. B u t w hen th e flour m edia contained glass tu b in g of such bore as to allow its larvae to en ter it an d p u p ate, b u t to exclude Tribolium ad u lts an d large larvae, Oryzaephilus survived to g eth er w ith Tribolium ju s t as it did in w heat. I n w heat, th e beetle Rhizopertha dominica survived to g eth er w ith Tribolium. The three species Rhizopertha, Tribolium an d Oryzaephilus also survived to g eth er in th is m edium . The results of these com petitions su p p o rt th e co ntention th a t species w ith th e sam e needs an d h a b its are unable to survive to g eth er in th e sam e environm ent while species w hich differ in needs or h a b its m ay do so.
The position a t w hich equilibrium betw een any tw o of th e com peting species was reached w as independent of th e in itial d ensity of each species. W hen constants of th e L otka-V olterra sim ultaneous eq u atio n s for th e popu latio n grow th of tw o species com peting for th e same lim ited environm en t were calculated from th e experim ental d a ta , th e y led to inequalities corresponding to definite equilibrium positions for these equations. The actu a l equilibrium positions reached b y th e p opulations were in every experim ent th e sam e as those reached by th e equations. T he biological assum ptions on which these equations are based are not, however, strictly tru e for Tribolium a n d Oryzaephilus.
P o pulations living in unrenew ed flour rose to a m axim um a n d th e n declined as th e food becam e ex h au ste d an d 'c o n d itio n in g ' increased. As tim e passed, th e age com position shifted from a m a jo rity of young stages to a m a jo rity of ad u lts. The ex tin ctio n of th e Tribolium p o p u latio n w as due to th e failure of th e larvae to develop an d p u p a te , an d of th e Oryzaephilus pop u latio n to th is as well as to th e cessation of oviposition. The ad u lts, having failed to reproduce them selves, e v en tu a lly died.
I . I n t r o d u c t i o n
It has been shown th at the rate of population growth in 'unconditioned' flour of the beetle Tribolium confusum is determined on the one hand by the rates of oviposition and of development, and on the other by the rates of cannibalistic egg-and pupa-eating by larvae and adults (Chapman 1928; Park 1932 Park , 1933 MacLagan 1932; Chapman & Baird 1934; Chapman & Whang 1934; Holdaway 1932; Stanley 1932 Stanley a, b, 1941 . Beginning with a very unsaturated population, the rate of increase of the adult population will at first increase to a high value as more [ 76 ] females begin ovipositing, but will then fall off as the rate of oviposition decreases and the rate of cannibalism increases with increasing density. The adult population I will cease to grow when eggs and pupae are found and eaten as fast as they are produced. Since the feeding stages of the beetle Oryzaephilus surinamensis also eat their own eggs and pupae, it is probable th at the rate of population growth of this species too is determined by the factors just mentioned (Crombie 1943) . Tribolium is intrinsically superior (Smith 1929) to Oryzaephilus in competition since, first, it has under the same conditions a higher fecundity than the latter species. Secondly, the adults and larvae of Tribolium destroy Oryzaephilus eggs at a greater rate than adults of the latter species destroy the eggs of Tribolium. Oryzaephilus larvae do not attack Tribolium eggs. Also, the adults and larvae of Tribolium destroy Oryzaephilus pupae, while the feeding stages of the latter species do not attack Tribolium pupae. From this it has been deduced th at when the two species are in competition Tribolium is likely to exterminate Oryzaephilus in en vironments wT hich afford no protection to the eggs and pupae of the latter insect (Crombie 1943) . With constant physical conditions, the intraspecific and inter specific factors controlling the population growth of these species were all densitydependent (Crombie 1942 (Crombie , 1943 . This paper describes an experimental study, carried out during 1940-1, of the population growth of Tribolium and Oryzaephilus in various media when each species was either living alone or competing with the other species. A brief account is also given of the growth of populations of -pertha dominica in competition with Tribolium and with both Tribolium and Oryzaephilus.
The populations were kept in a dark incubator at 30° C and 70 % r .h . Other technical precautions were similar to those described in a previous paper (Crombie 1942) . All populations lived in standard environments of 10 g. of a food medium in jars of standard size (6-5 cm. diam. x 5-5 cm. high). Media of three different kinds were used: 'deeply cracked' wheat (as in Crombie 1945, § V) , coarse whole meal flour, and fine wholemeal flour. No instar of either Tribolium or Oryzaephilus is able to attack intact wheat grains. The coarse wholemeal flour was such th at the majority of its large particles (wheat test) could just pass through a 1 mm. mesh. The fine flour was obtained as already described (Crombie 1943) by grinding up the coarse wholemeal flour and sieving it through no. 52 (extra quadruple) silk bolting cloth. This fine flour seems to have the same nutritional value as wheat because adults appeared in it as soon as they did in wrheat (cf. tables 1, 4 and 5) (Park & Burrows 1942) . The medium was renewed every week in some experiments, but not at all in others (see tables). The sex ratio of the original adults was afways unity. The original females were young, and, to ensure copulation, had been confined before the experiment with two males each for 2 weeks. The fecundity of a number of these females was measured and for the original adults of populations which began with two or five such originals only those were used which had the following standard fecundities: Tribolium 9-11, Oryzaephilus 3-4, and Rhizopertha 6-8 eggs per female per day (Crombie 1942 (Crombie , 1943 . This precaution was unnecessary in Further experiments on insect competition 78 A. C. Crombie populations which began with 100 original adults, since the average rates of oviposition of all such populations are likely to have been equal. The method of conducting the experiments was similar to that already described (Crombie 1945) . All instars were counted in populations living in fine flour ( § III), but only adults could be counted in the other media. Censuses were made usually every 7 or 14 days. Each of the experimental jars was duplicated. Since the population growth in the duplicates was always very similar, each census value given in the figures and tables is the mean of the counts in the two duplicates.
At 30° C and 70 % r .h . the average duration of each Tribolium instar during development was as follows: egg, 6 days; larva, 17 days; pupa, 6 days; total, 29 days (emergence scatter about 5 days). There were usually six larval instars. The pre-oviposition period was 1-5 days (Brindley 1930; Stanley 1932a) . Similar details for
Oryzaephilus are given in Crombie (1943) .
I I . T h e g r o w t h o f p o p u l a t i o n s i n r e n e w e d w h e a t (a) Tribolium (rq) competing with Oryzaephilus (n2) . The growth of populations of each species alone in £deeply cracked' wheat, beginning with four adults, is shown in table 1 (a, b) and figure 1. The Tribolium population had two periods of rapid increase separated by a period of slower increase. The Oryzaephilus popula tion seems to have had a fairly uniform rate of increase until it approached the asymptote. A logistic equation fitted to the data in table 1 (6) is shown in a previous paper (Crombie 1945, figure 56) . The average longevity of the adults of each species was estimated as already described (Crombie 1945 ) from the number of dead adults found at each count, assuming the oldest to die first. The average longevity of Tribolium adults was 168 days, extremes being 50 days and something over 208 days. Pearl, Park & Miner (1941) found that the average longevity of this species at 28° C and 40-50 % r .h . was 178 days for males and 199 for females, extremes being from 0-5 to 540 days including both sexes. The average longevity of Oryzaephilus adults was 99 days, extremes being 79-137 days. The average rate of adult mortality in maximum populations of Tribolium was 0-0027 per adult per day, varying between 0-00017 and 0-0098. This value may be too low because of the habit of Tribolium of eating dead adults, which would make the values for longevity too high. In a maximum population natality is equal to mortality. In flour the fecundity of Tribolium at a density of 40 beetles per gram is approximately 2-5 eggs per adult per day (Crombie 1943) . Assuming that fecundity has the same value in wheat, it follows th at in maximum populations there is in the immature stages a mortality of about 99-8 % of the eggs laid. The average rate of adult mortality in maximum Oryzaephilus populations was 0-0034 per adult per day, varying between 0-00076 and 0-0057. At 40 beetles per gram the fecundity of this species would be approximately 0-7 egg per adult per day (Crombie 1942) . About 99-5 % of the eggs laid must therefore have died in the immature stages, leaving only 0-5 °/0 to produce new adults. 141  160  17  19  310  50  290  77  262  285  220  207  176  25  37  300  48  310  91  295  345  222  275  198  38  69  330  73  290  105  351  361  227  265  267  55  68  332  81  321  119  395  405  230  278  307  65  85  315  95  555  133  410  471  230  330  361  95  91  350  95  475  147  422  420  245  321  375  128  91  360  97  452  161  411  430  260  300  375  159  93  395  101  427  175  415  420  265  280  370  172  97  440  107  439  189  427  475  285  232  360  161  112  405  111  461  203  423  435  298  200  365  132  147  422  138  392  217  419  480  330  150  361  122  163  392  154  344  231  428  450  375  105  359  150  189  335  192  313  245  424  420  373  161  364  180  242  313  256  292 When the two species competed with equal initial numbers (table 1 (c)), each depressed the other but neither was exterminated. The population reached a maximum of about 360 adults, while the Oryzaepliilus adult population oscillated between 100 and 200. The
Oryzaep population depressed by the competition of Tribolium than it was by the competition of Rhizopertha or S i t o t r o g a ( Crombie 1945) . This is to be expected, since the needs and habits of Oryzaephilus are much more like those of Tribolium than those of the other two species. When the initial populations of the two species were unequal ( rate of predation of its feeding stages Tribolium is intrinsically superior to philus. A larger proportion of the new adults emerging therefore belonged to the former species. The rate of emergence of Tribolium adults exceeded the adult deathrate, and its adult population increased. The rate of emergence of Oryzaephilus adults was lower than the adult death-rate of this species, and its adult population decreased. But the Oryzaephilus were evidently able to survive in part of the environment, for its adult population eventually oscillated between 100 and 200. These adults were able to prevent the Tribolium adult population rising above about 360. The Oryzaephilus survived because the larvae pupate inside hollowedout wheat grains, to which they are attached by the anal end, and are protected from the predacious attacks of Tribolium. Tribolium pupae were nearly always found in the open. This will be discussed in detail later ( § III). In experiments (c) and (/) the growth of the populations was similar to th at in (c). Tribolium population growth was at first inhibited by a large increase in Oryzae philus adults, but when the latter began to die of old age Tribolium adults began to increase and replace those of its rival. The average longevity of the Tribolium adults which died between the 119th and 273rd day was 161 days in (e) and 175 days in (/). The average longevity of the Oryzaephilus adults dying in the same period was 92 days in (e) and 94 days in (/). When four Oryzaephilus adults were competing with 100 Tribolium adults ( d) the equilibr as in (c), but the Oryzaephilus population took a longer time to increase to this value. The populations at which equilibrium between the two species is reached is thus independent of the initial adult populations (cf. Park, Gregg & Luthermann I941)-(6) Tribolium (%) competing with Rhizopertha (w2). The population growth of Rhizopertha living alone was the same in ' deeply cracked ' wheat as that in ' cracked ' wheat which has already been described (Crombie 1945) . The maximum population reached in 10 g. of wheat was about 338 adults. When Rhizopertha was competing with Tribolium neither species was eliminated, but the Rhizopertha population was very depressed (table 2, figure 2). W hatever the initial concentrations of each species, equilibrium was always reached with about 420 Tribolium and thirty-five Rhizopertha adults. The ecological niches for which the two species compete are different in th at the Rhizopertha larvae develop inside the grains while all T ri bolium stages are found outside them. As the niches of Rhizopertha and Tribolium are theoretically more different than those of Tribolium and Oryzaephilus, it is surprising th at Rhizopertha should prove more sensitive to the competition of Tribolium than Oryzaephilus does. The reason for this may be th at while Ory zaephilus attacks the eggs and pupae of Tribolium, Rhizopertha eats none of the stages of any species (Crombie 1942) . Rhizopertha would thus compete with T ri bolium only for food, whereas Tribolium would destroy the eggs, pupae (if it found them) and possibly the larvae of Rhizopertha. Possibly the latter species survives at all only because its larvae bore into the grains for food and thus find protection for themselves and for their pupae.
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(c) C om petitiono/Tribolium, Oryzaephilus and Rhizopertha. The initial popula tion consisted of 100 adults of each species (table 3, figure 3 ). After a period of fluctuation a position of equilibrium was reached. The Oryzaephilus and Rhizo pertha populations become stabilized at approximately the same values as when each of them competed only with Tribolium (tables 1 and 2). These two species compete very little with each other in this medium (Crombie 1945) , so th at the equilibrium sizes of their populations here probably depend mainly on the presence of Tribolium. The latter species is considerably more depressed here than when it competed with either species alone. I t is impossible with the information available to explain these results completely. I t may be noted th at although neither T ri bolium nor Oryzaephilus would be able to survive at all in intact wheat, they would be able to do so if the grains had been damaged by the larvae of or by its adults emerging from pupae inside the wheat.
Further experiments on insect competition 83 F ig u r e 3. T h e g ro w th o f a d u lt p o p u la tio n s o f Tribolium, Oryzaephilus a n d Rhizopertha c o m p e tin g in re n e w e d w h e a t (ta b le 3).
III. T h e g r o w t h o f p o p u l a t i o n s i n r e n e w e d w h o l e m e a l f l o u r (a) Tribolium competing with Oryzaephilus in fine
The method of making the counts of populations growing in this medium was similar to th at used by Chapman (1928) and Park (1934) . The flour was sieved and all instars were counted at intervals of approximately 7 or 14 days. The contents of the jars were first gently shaken by hand through a coarse sieve which retained adults, pupae and larger larvae, while flour, smaller larvae and eggs passed through. The insects retained by the coarse sieve were then gently removed and counted. Care must be taken here, since in Tribolium vigorous shaking lowers fecundity (Park 1934) . The material passing through the sieve was put into a mechanical shaker and sieved through no. 52 (extra quadruple) silk bolting cloth, which allowed only the flour to pass through. This flour was discarded. All stages had now been separated from the flour and were easily counted under a binocular microscope. Dead insects were removed. The medium in each of the jars was now renewed with 10 g. of fresh fine flour, the eggs and small larvae, after they had been counted, being first thoroughly mixed up with the fresh flour. This fresh flour plus eggs and small larvae, together with the adults, pupae and large larvae, was now replaced in the jar concerned, and returned to the incubator. I t was impossible to estimate accurately the longevity of Tribolium adults in this medium, since many of the dead adults were eaten by their living descendants. The course of population growth of Tribolium (table 4, figure 4) is similar to that described by Chapman (1928) and Stanley (1932 a, b) . There was an initial accumu lation of eggs which went on until the hatching out of the larvae. The first egg maximum occurred on day 7. Then, as the number of larvae increased, the egg population decreased, because some became larvae and others were eaten by these larvae (Chapman 1933; Chapman & Whang 1934; Crombie 1943) . The larval population now increased to a maximum on day 21, then decreased when larvae first began to pupate. Corresponding to this decrease in the number of feeding larvae there was now an increase in the egg population. The pupal population rose to a maximum on day 28 and decreased when the adults began to emerge. When the adults of the first filial generation began to oviposit, the egg population underwent a second increase to reach a maximum on day 49. A second larval maximum oc curred on day 65, and a second pupal maximum on day 77. On day 49 the adult population reached a maximum of approximately 135 and remained at th at size. The egg population eventually came to fluctuate about a mean of approximately 160, and the larval and pupal populations underwent extremely damped fluctua tions at a low level. The final maximum population including all stages was approximately 320, or 32 insects per gram. 
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The changes which occurred during the population growth of Oryzctephilus alone were similar to those just described for Tribolium (table 5 and figure 5). The rate of increase of the total Oryzaephilus population was less than th at of Tribolium, probably because of the greater fecundity of the latter species (Crombie 1943) . The first egg maximum occurred on day 7 and was followed by a first larval maximum on day 14 and a first pupal maximum on day 28. The first new adults appeared on day 28. The adult population now increased to reach a maximum of approximately 120 by the 141st day. The egg, larval and pupal populations also increased and came to fluctuate about mean values of approximately 100, 175 and 40 respectively. The final maximum population including all stages was approxi mately 440, or 44 insects per gram. The proportion of larvae and pupae in this population is much greater than th at in the Tribolium population, possibly because Oryzaephilus is much less voracious than the latter species (table 11) . The maximum adult populations of both species are much lower in fine flour than in crushed wheat. ; i / w F ig u r e 5. T h e p o p u la tio n g ro w th o f Oryzaephilus a lo n e in re n e w e d fin e flo u r (ta b le 5). In the next experiment the initial population consisted of four young adults (sex ratio unity) of each species (table 6 and figure 6). The Tribolium population rose as before to a maximum of approximately 320 (all stages), while the philus, after an initial rise, were eventually driven out. At first the population growth of both species was much the same as when each was living alone. Egg, larval and pupal maximum followed each other. The pupal maximum of Tribolium was then followed by an increase in the number of adults, which reached a maximum of approximately the same value as th at in table 4. But there was practically no increase in
T a b l e 5 . T h e p o p u l a t i o n g r o w t h o e O r y z a e p h i l u s
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Oryzaephilus adults. The total Oryzaephilus population reached a maximum of fifty-four on day 7. In table 5 the total population rises to 105 on day 28. The absence of such a rise in table 6 must have been due to the Tribolium larvae, since they were the only feeding stage of th at species yet present. The instar most visibly affected by these larvae is the pupa. In table 5 there are forty-six pupae present on day 28 and in table 6 only eleven ( § II I (b)). Eggs are also eaten by Tribolium larvae. The Oryzaephilus total population began to decrease rapidly from day 35, the numbers of all instars falling to low values. This decrease in Oryzaephilus coincided with a rapid increase in the numbers of Tribolium adults. As this seems to be the only new factor appearing in the system at this time, the disappearance of the Oryzaephilus must have been mainly due to the eating of its eggs and pupae by Tribolium adults, although the larvae must also have played their part. The Oryzaephilus adults eventually died of old age, leaving Tribolium Further experiments on insect competition 
in sole occupation of the environment. As already mentioned ( § I), this result was predicted in a previous paper from the intrinsic natures of the two species (Crombie 1943) . Tribolium evidently has two advantages over Oryzaephilus. First, its fecundity is much greater. At the densities reached the fecundities of both species would be practically unaffected by density (Crombie 1942) . Over the first 7 days here the average fecundities (in terms of eggs and larvae counted; some would have been eaten) of Tribolium and Oryzaephilus were 7-2 and 3-1 eggs per female-day, respectively. Secondly, the differential rates of egg-and pupae-eating of the two species are much in favour of Tribolium (Crombie 1943) . Not only are the Ory zaephilus eggs and pupae destroyed at a greater rate, but Tribolium pupae are completely immune from the attacks of all stages of Oryzaephilus. This is perhaps the deciding factor, since all Tribolium eggs which hatch are henceforth immune from attack by Oryzaephilus, while the pupae of the latter species are readily attacked by Tribolium.
When the initial population consisted of four Oryzaephilus adults (sex ratio unity) and 100 Tribolium adult males, the latter were sufficient to prevent the formation of any new Oryzaephilus adults. The females of the latter species ovi posited and about ten eggs and four larvae were found at each count (the experi ment was continued for 98 days), but no pupa was ever found. This proves that in the experiment shown in table 6 the newly emerged Tribolium adults could have exterminated the Oryzaephilus from day 35 onwards, without the assistance of larval predation. When the initial population consisted of four Tribolium and 100 Oryzaephilus adults the Oryzaephilus population increased enormously a t first (table 7) . But in spite of this the rate of increase of the Tribolium population was almost as great as when no Oryzaephilus were present (table 4). As before, egg, larval and pupal maxima of both species succeeded each other. There was no increase in Oryzae philus adults. Coinciding with the rapid increase in the Tnbolmm adult population
I
Further experiments on insect competition ! there was a decline in the total Oryzaephilus population. Now Oryzaephilus adults feed mostly in the surface layers of the flour. The larvae, which feed anywhere in this medium, do not destroy Tribolium eggs. The flour in the standard jars used in the above experiments was approximately 2 cm. deep, so th a t all Tribolium eggs in the medium except those in the surface layers would escape, and, as already pointed out, once it has hatched a Tribolium is immune from attack by Oryzaephilus. An experiment was therefore performed in which the initial population of 100 Oryzaephilus adults and four Tribolium adults were placed in 10 g. of fine flour in a large dish so th a t the depth of the flour was not more than approximately 0-2 cm. No detailed results of this experiment will be published because although the rate of increase of the Tribolium population was at first depressed by the presence of the Oryzaephilus, the latter species was eventually driven out. The rate of increase of the Tribolium over the first 7 days was only 3*2 eggs and larvae per female-day, as compared with [7] [8] [9] [10] [11] [12] [13] [14] [15] (6) Tribolium competing with Oryzaephilus in fine flour with protection for eggs and pupae. In wheat the Oryzaephilus were not exterminated by the Tribolium, but in fine flour they were. The following experiments were performed to analyse the difference between these two media as they affected the competition between the two species. Thirty sections of glass tubing 2 cm. long were added to each 10 g. of fine flour. In some jars the tubing had a bore of 1 mm. Now the approximate widths of different instars of Tribolium at the widest part were as follows: adult 1*1 mm.; last instar larva 1*1 mm.; pupa T 15 mm. (cf. Brindley 1930) . For Oryzaephilus the same measurements were as follows: adult 0-6-0-8 mm.; last instar larva 0-5 mm. (Back & Cotton 1926) ; pupa 0-8-0-9 mm. Therefore all instars of Oryzaephilus could enter the 1 mm. tubing, while adults and large larvae of Tribolium could not enter this, but could enter 2 mm. tubing. All instars could be counted in this medium, as insects inside the tubing could be readily seen under a binocular microscope. The age composition (table 11) of the populations of T ri bolium shown in table 8 and of Oryzaephilus shown in table 9 are probably not unlike the age composition of the populations of these species in wheat (table 1) .
Consider first the competition of the two species in flour with 2 mm. tubing (table 8 ). The population growth of Tribolium alone (figure 7) was very similar to th a t shown in table 8. Oryzaephilus had practically no effect upon the growth of Tribolium. The adult population of the latter species rose to a maximum of approximately 410, and the total population to a maximum of approximately 650. The adult maximum was approximately equal to th at in wheat (table 1) . By protecting the eggs and pupae from the feeding stages and reducing cannibalism, the 2 mm. tubing thus allows a fuller use of the food resources of the fine flour. Almost all the pupae were found inside the tubing, and the pupal population remained at a higher level than in fine flour without tubing (table 4). The larval population was much higher than in table 4, which suggests th at a higher pro portion of the eggs also escaped destruction (cf. Stanley (1934 Stanley ( , 1941 )-The former author found th at the maximum adult populations reached in flour under different conditions of atmospheric moisture were lower with lower relative humidities. Assuming that the population ceased to increase when eggs and the pupae were eaten as fast as they appeared, he attributed this result to these instars being eaten at a greater rate at lower humidities, because then the water content of the flour was too low to satisfy the requirements of the MacLagan (1941) has criticized this view and suggested th at at the higher humidity the maximum population was higher because the larval period was shorter and fecundity and longevity greater (cf. Bushnell 1938; Park & Burrows 1942) . B ut it seems th a t as long as the maximum possible rate of canni- F igure 8. T h e p o p u la tio n g r o w th o f Oryzaephilus a lo n e in re n e w e d fin e flo u r w ith 1 m m . b o r e g la s s t u b i n g (ta b le 9).
T a b l e 9. T h e p o p u l a t io n g r o w t h o f Or y z a e p h i l u s a l o n e in f in
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balism is higher than the rate at which eggs and pupae are produced, the maximum population will be determined by cannibalism alone. Furthermore, cannibalism can have been the only factor involved in the experiments described above (table  8) . Stanley (1941) found the maximum possible rate of adult egg-eating to be greater than the fecundity (about 8 eggs per female per day) of his Stanley (1934) also found th a t the number of eggs present in a culture at any time T between the start of the culture and the time of hatching of the first egg was decreased when the flour was less nutritious, less palatable or less tightly packed, and furthermore, th at if hatching were prevented (Stanley 1941) , the asymptotic value to which the egg population moved was similarly affected. He suggested that where the flour was less nutritious or less palatable the relative preference for eggs as opposed to flour as food increased. This result does not necessarily conflict with th at of Park (1935), who found th at the rate of egg-eating in 'conditioned' flour was lower than th at in fresh flour, since 'conditioned' media may have a definitely 'poisoning' effect (Crombie 1942 ) besides being merely unpalatable. Two-millimetre tubing protected Oryzaephilus eggs and pupae from its own feeding stages, for when this species was living alone it reached a maximum popula tion of approximately 200 adults and approximately 500 total. The pupae were almost always found inside the tubing. But the protection offered was apparently incomplete, since the maximum population reached was lower than th at in wheat (table 1) or with 1 mm. tubing (table 9) . No details will be given because the factors involved are better illustrated by population growth in the latter medium. Two-millimetre tubing, into which Tribolium larvae and adults could crawl, did not protect the Oryzaephilus from its rival (table 8). The total Oryzaephilus popu lation was first inhibited by the Tribolium larvae on day 28 (cf. tables 9, 10), and began to decrease rapidly with the rise of the Tribolium adult population from day 42 onwards. The remaining Oryzaephilus adult females continued to oviposit, but all their offspring were eaten in the immature stages by Tribolium and all the adults eventually died of old age, leaving Tribolium in sole occupation of the medium.
W ith 1 mm. tubing (table 9, figure 8) the Oryzaephilus adult population rose to a maximum of about 400, or equal to that in wrheat (table 1), while the total maxi mum population was about 930. The 1 mm. tubing thus protects Oryzaephilus eggs and larvae from its own feeding stages more efficiently than the 2 mm. tubing does. Practically all the pupae were found inside the tubing. The maximum Tribolium population was approximately the same whether living alone (control) in this medium or competing with Oryzaephilus. Therefore details of the latter only will be given (table 10, figure 9 ). The Tribolium adult population reached a maximum of only approximately 175, and the total population a maximum of approximately 420. This species could not pupate inside the 1 mm. tubing, and consequently the pupae were not protected as they were by the wide tubing. The pupal population was higher than in to suggest th at the most important factor limiting the adult population of Tri bolium in fine flour is the cannibalistic eating of pupae. The 1 mm. tubing offers the same protection to the eggs and larvae as does the 2 mm. tubing, but the latter alone is able to protect the pupae from the adults, the only stage which eats them (Crombie 1943) . Consequently when 2 mm. tubing was present the maximum adult population was higher than otherwise. In table 4 the number of pupae is very low in the saturated population, while the number of eggs is high, which also suggests that population size is limited by the destruction of pupae rather than of eggs (Voute 1937) . Since 2 mm. tubing protected Tribolium pupae from Tribolium adults, it seems probable th at it also protected Oryzaephilus pupae from them. One of the chief reasons why Oryzaephilus was unable to survive in competition with Tribolium with 2 mm. tubing must therefore have been th at its pupae were destroyed by large Tribolium larvae (Crombie 1943) . The latter enter the tubing before pupation. This conclusion is supported by the observation th at on day 28, before the great increase of T r i b o l i u m 'adults, there are forty-eight Oryz pupae present in table 9 and twenty-seven in table 10, but only six in table 8. The 1 mm. tubing effectively protected the Oryzaephilus pupae from Tribolium adults and large larvae (figure 9). The maximum population of Oryzaephilus was about eighty adults, and 140 including all stages. Both species continued to exist together. 
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CIRCUMSTANCES. (T H E S E VALUES FLUCTUATE IN TIM E)
9 Further experiments on insect competition (c) Tribolium competing with Oryzaephilus coarse wholemeal flour. Detailed results need not be given. The population growth of each species alone (beginning with four adults) was practically the same as th at in wheat. Tribolium reached a maximum adult population of approximately 420 and Oryzaephilus of approxi mately 400. The coarse wholemeal flour thus seems to have protected the eggs and pupae of each species from their own feeding stages as effectively as wheat does. Oryzaephilus larvae build out of the coarse particles of this medium a cocoon in which they pupate. But they were not sufficiently protected from Tribolium to survive competition with it. When the initial population consisted of four adults of each species the Oryzaephilus adult population rose to twenty-three (when the Tribolium adult population had reached 113), then gradually declined and died out, while the Tribolium adult population rose to about 420. Now the lower the rate of cannibalism the higher is the level of population of either predator or prey stages 96 A. C. Crombie or both, at which the prey stages are eaten as fast as they appear and population growth ceases. If the rate of cannibalism was lower in coarse wholemeal flour than in fine flour, then this would explain the higher adult maxima at which population growth ceased (cf. Holdaway 1932; Stanley 1934 Stanley , 1941 . But unless the coarse wholemeal flour provides absolute protection from Tribolium for the pupae, as 1 mm. tubing does, any difference in the relative rates at which the two species destroyed each other would result in the extermination of th at with the lower rate of destructive activity, just as it would in fine flour (Crombie 1943) . The only difference is th at the rate of extermination would be slower in coarse wholemeal flour, where the rate of predation is lower. Coarse wholemeal flour does not provide absolute protection for Oryzaephilus pupae. One hundred males and fifty large larvae of Tribolium destroyed in 3 days all of twenty Ory with which they were confined in 10 g. of this medium. This explains the exter mination of Oryzaephilus by Tribolium in this medium, the lower rate of exter mination being reflected by the higher maximum (23) reached by the Oryzaephilus adult population here as compared with that (5) in fine flour (table 6). The addition of either 1 or 2 mm. tubing to the medium did not affect the rate of growth or the maximum population reached by either species alone. But, as in fine flour, Oryzaephilus was able to survive competition with Tribolium with 1 mm. tubing, although not with 2 mm. tubing. With 1 mm. tubing the Oryzaephilus adult population reached a maximum of approximately ninety and remained there.
IV. T h e g r o w t h o e p o p u l a t i o n s o f T r i b o l i u m a n d O r y z a e p h i l u s
IN U N R EN EW ED F IN E W HOLEMEAL FLOUR
Ten grams of fine flour were placed in each jar at the beginning of the experiment, and the growth and decline of populations in this limited amount of food observed in the usual way. The old flour was replaced after each census had been taken. The population growth of Tribolium alone is shown in table 12, and th at of Oryzaephilus alone in table 13 . A population which initially consisted of four adults of each species was also observed, but no details will be given as the Oryzaephilus were soon exterminated, and the Tribolium population followed a course similar to th at shown in table 12. When living alone, each species survived for over 600 days, then died out. As the populations grew and declined, the age composition changed. The percentage of each instar present after different periods is shown in brackets beside the corresponding census figure. The growing populations were characterized by a high proportion of young stages, while in the declining populations the adults predominated. Such changes in age composition with the growth and decline of populations have also been observed in man (Carr-Saunders 1936, chapter x), bees (Bodenheimer 1937a, b) , and in natural populations of Collembola and Acarina (Ford 1938) . The depression of the relative rate of increase of the growing popula tion, so th at the adult population reached a maximum, was in both species pro bably mainly due to cannibalism, as it was in renewed media. But the times taken for the adults to reach these maxima were longer, and the maxima reached were lower, than in the latter media (tables 4, 5). These results agree with those of Park (1938a) and Park, Miller & Lutherman (1939) , wdio observed th at conditioned media decreased the rate of larval development of Tribolium. The decline of the popula tions from the maxima was presumably brought about by the exhaustion of the food supply and the conditioning of the medium. The media gradually began to lose weight from about the 200th day. After the adults had died out, only about 2 g. remained of both the Tribolium and the Oryzaephilus media, and this was brownish grey and sour-smelling. These substances were used in the experiments described in a previous paper (Crombie 1943) to test the effect of conditioned media upon fecundity, and as mentioned there young adult females are capable of ovi positing in it. 98 A. C. Crombie oviposition ceased altogether. By this time the adults had begun to die out. Except for two on day 391 no new adults (easily recognized by their light colour) were produced after day 283. All those present in the population on day 433 would thus be at least 150 days old, and the average longevity of adults under more optimum conditions than here was 168 days ( § II (a)). These ancient adults were black and sluggish. By day 545 they would therefore all be dying of old age, and it is inter esting that the egg population remained high until this occurred. The oviposition period is probably almost as long as the life of the adult females (Good 1933; Park 1934) . Park (19386) has observed the same phenomenon. Now larvae and pupae continued to appear until nearly all the adults had died out, but Park (1938a) and Park et al. (1939) have shown that the conditioning of the medium by larvae or adults increases the larval and pupal mortality and the duration of the larval period of Tribolium. The final decline of the population must therefore have been due to the failure of the immature stages to develop and particularly their failure to metamorphose into adults, followed by the death of the existing adults from old age.
Holdaway (1933) observed that the starvation of newly hatched Tribolium larvae led to a reversal of sex and an excess of females. The proportion of males in 900 well-fed adults from three pairs of duplicate cultures in renewed flour (tables 4, 6 and 7) was 51 %, varying between 50-4 and 52 % in different populations. On day 391 the sex ratio of the 336 adults from two pairs of duplicates in unrenewed flour was unity (50 % of each sex), varying between 58 % males and 58 % females in different populations. There was no significant difference between the sex ratio of the populations in the two types of media. But it is possible th at a reversal of sex may have occurred and was masked by other factors such as adult mortality. The sexes were distinguished by squeezing each adult until the tip of its genitalia appeared. This did not affect either their oviposition or their longevity.
The changes in the Oryzaephilus population were more marked than in those of Tribolium. No new adults were born after day 215, and the adult population began to die off from this point also. The egg and larval populations, however, fell drastically before this, from day 172 onwards. The fall in the larval population was accompanied by a rise in the number of pupae on day 172, presumably because of the decreased cannibalism, but the latter soon fell also. The dying out of the population of this species thus seems to have been due in the first place to the cessation of oviposition, while at the same time those eggs which were produced failed to develop into adults. The oviposition period of this species is said by Back & Cotton (1926) to be between a sixth and two-thirds of the length of life of the adult females. The existing adults eventually died of old age. The average longevity of the adults was 107 days. This was not significantly different from that in renewed flour ( § III (a)). The 132 adults present in the two duplicate populations on day 215 were examined and the sex ratio found to be approximately unity, as it was in well-fed populations ( The rate of population growth of Tribolium and Oryzaephilus and competition between them is determined almost entirely by the rates of oviposition and of development on the one hand, and by the rates of cannibalism and predation on the other. The effect of the limitation of food as such upon increase is negligible compared with these factors. The population growth of these species in fine flour may therefore be studied in the light of the direct observations of these processes made in this medium (Crombie 1943) . The eating of eggs and pupae probably takes place after random encounters between feeding stages (adults and larvae) and prey stages (eggs and pupae). The relationship between these stages would then be analogous to a second order chemical reaction. Let g number of eggs per gram at time t, g0 = initial number of eggs per gram, and n = number of adults
With values of n from 1 to 20 a straight line may, owing to the experimental error, equally well be drawn through the points obtained when either logg/g0 or g/g0 is plotted against n (Crombie 1943, text-figures 1* and 2). In the populations studied n never reaches 20 so that a linear relationship between the proportion of eggs surviving after unit time (g/g0) and adult density (n) has been assumed. Similarly, a linear relationship has been assumed between the proportion of any prey stage surviving after unit time and the density of any feeding stage present. This assumption becomes incorrect, as it should have been pointed out, at the artificially high adult densities present in experiments described in a previous paper (Crombie 1943, pp. 81, 97) . The maximum rates of egg-eating and of pupa-eating of which these insects are capable are of course higher than the rates of oviposition and of pupation, respectively. If it were not for hatching and eedysis, prey stages would thus tend to accumulate until they were found and eaten as fast as they were produced (cf. Stanley 1941) .
Let q represent the proportion of eggs eaten per day by one individual, h represent the hatching period in days, p represent the proportion of p one individual, and j represent the pupal period in days. Now in of one species' if there are N feeding individuals per gram of flour in the population, the proportion of eggs to survive 1 day will be (1 -qN) , since, at the values of N reached in these populations, the proportion eaten is linearly related to N , and the proportion to survive h days will be (1 -qN) h. This is the proportion of eggs which will hatch into larvae, and if larval mortality be ignored as being small com pared with th at in the egg and pupal stages (cf. Park 1938a), this represents the proportion of eggs which become pupae. Similarly, if it be assumed that the percentage rate of pupa-eating is linearly related to the density of the eaters, the proportion of pupae to survive days and thus emerge as adults is equal to (1-pN )1 ' . In renewed media pupal mortality apart from that to cannibalism is small (cf. Park 1938a). The proportion of eggs to become adults is therefore equal to (1 -qN)h (1 -pN )j and the is equal to (1-A) (cf. Stanley 1932-41) . A has meaning of course only between 0 and 1.
When the two species are competing, the terms qn and pxl must be introduced to represent the proportions of eggs and pupae, respectively, of the first species (Nx) eaten by itself; ql2 and p X2 to represent the proportions the second species (N2) ; q22 and p 22 to represent the proportions of eg of the second species eaten by itself; and q21 and p 2l to represent the proportions of the same eaten by the first species. The proportion of eggs of the first species to become adults under these circumstances is equal to 
Now let
mx and m2 represent the rates of adult mortality in te adult per day, and eifi(ni + n2) and e2f 2(n2 + represent the rates of e per adult per day of each species, where n1 and n 2 are the respective adult densities. Here e represents the average maximum rate of oviposition per adult per day. The rate of oviposition is a function f(n) of density, and the adults of both species are considered as equivalent to each other in reducing the rate of oviposition of either (Crombie 1943) . If they were not, it would simply be necessary to introduce a proportionality term. The rate of increase of the adults of one species is then given by the equation
Where the two species were competing, the respective rates of increase of their adults would be given by the equations dn '
Now let cc represent the ratio of the inhibiting effect of one N2 on to th at of one Nx on Nx; and /? represent the ratio of the inhibiting effect of one Nx on N2 to that of one N2 on N2. If mx and m2 be ignored as insignificant compared to mortality in the immature stages, and also the effect of density on the rate of oviposition since here this too is a relatively small factor, then the values of a and /? are as follows:
Hxx represents the proportion of eggs of the first species destroyed in the egg or pupal instar by one individual (Nx) of th at species; Hx2 the proportion of eggs of the same species destroyed by one individual (N2) of the second species; H22 the proportion of eggs of the second species destroyed by one individual of th at species; and H2X the proportion of eggs of the second species destroyed by one individual of the first species.
Equations (1) and (2) are defective in th at they provide no information about the larval populations, which are lumped together with the adults as 'feeding stages' (N). In order to calculate a and /? it will have to be assumed th at the ratio between adults and larvae is constant, which it is not in fact. Now if (nx) is the first species and Oryzaephilus (n2) the second, then the following values are known: hx = 6, h2 = 5, j x = 6, and j 2 = 6 ( § I and Crombie 1943, density of 1 adult per gram, Oryzaephilus adults would Tribolium eggs present (Crombie 1943, table IX) . Hence 0-014. To calculate the other p and q values it will have to be assumed that the proportion of larvae to adults remains constant. Let it be assumed that the numbers of the different instars of each species present per gram are as follows: for Tribolium one adult, one 4th instar larva and one 6th instar larva; for Oryzaephilus one adult, one 1st instar larva and one 4th instar larva. For simplicity it will be considered that these combinations of adult and larvae are represented in the equations by and respectively. From the rates at which Tribolium adults and larvae eat their own eggs (Crombie 1943, table IX) it will be seen that the proportion of eggs left at the end of 1 day in 1 g. of flour containing the Tribolium feeding stages mentioned above will be 0-946 x 0-992 x 0-956 = 0-898, and the proportion destroyed will then be 1 -0-898 = 0-102 = gn . Similarly, I t has been shown (Crombie 1943, § IV) th at if One of the two species has an advantage over the other when they are competing for the same ecological niche (e.g. fine flour), the stronger will exterminate the weaker and itself occupy the niche entirely. The first species (%) will survive when the following inequality is satisfied, el(l -H n ) ( 1 -J ? " ) > e , ( l -i f 22) ( l -f l 2I), and the second ( n2 ) will survive when this inequality is reversed. If a portion of the weaker species ( n2) is protected from the the environment, then both may survive. This may be represented mathematically by substituting the terms (1 -z21)q21 and (1 -y21) p 21 for in equations (2), where z21 and y21 respectively represent the proportions of eggs and pupae of the second species which are protected from the attacks of the first. The limitations as a general expression for population growth, of the VerhulstPearl ' logistic ' equation for the population growth of a single species of organism in a limited environment under constant physical conditions, have already been discussed (Crombie 1945) . The Lotka-Volterra simultaneous equations for the population growth of two species competing for the same limited environment are also discussed in the same paper. The Lotka-Volterra equations may be written
Further experiments on insect competition
Here nx and n2r epresent the population densities of each species in the mixe population;
bx and b2, respectively, their potential rates of increase; and k1 and the maximum densities of each species when living separately, a and /? are the 'competition coefficients'. While 1 jkx represents the p potential increase per individual of the first species is inhibited by one individual of the same species, ajkx represents the proportion by which it is inhibi individual of the second species; and vice versa for 1 jk2 and fijk2. The biological meaning of cc and /? here is precisely the same as th at defined in connexion with equations (2). On integration there are shown to be four possible positions of equilibrium, when dnxjdt = dn2jdt = 0, corr species survive whatever their initial population densities, or whether either nx or n2 survive and this depends chiefly on their initial population densities. The particular equilibrium position reached depends only upon the relative magnitudes of a, /?, kx and k2, and is independent of initial population densities (see Crombie 
As populations of
Tribolium and distinct generations, they will not increase strictly in geometric progression (cf. Stanley 1932a). Secondly, as seen from equations (1) and (2), neither intraspecific nor interspecific inhibition of increase is linearly related to population density. Therefore neither of the biological assumptions of equations (3), viz. th at in the absence of checks increase is geometric and th at all inhibiting factors are linearly related to population density, is strictly correct for these species under the conditions described. But separation of the generations may be eliminated either by considering only adult population growth (which is more or less continuous) or by measuring the growdh of the total population from generation to generation. The divergence between the actual relationship between survival and density and the linear relationship assumed by equations (3) is no greater than the experi mental error due to the variability of the rates of cannibalism and predation (Crombie 1943 )-The equations may be most easily studied at points where dnx/dt or dnjdt, respectively, are zero. I t is easily seen from equations (3) th at when dnx/dt= 0, then kx -n x -otn2= 0; therefore a = /? = (k2 -n2)/nx. The values of kx and k2 reached by Tribolium (wx) and Oryzaephilus (n2) living alone in various media, and of a and /? calculated from populations of the two species which were competing in the same media, are shown in table 14 (a).
A. C. Crombie
The values of the same variables for Tribolium and populations competing in wheat are shown in table 14 (b) . The values of a and ft obtained from tables 1, 2 and 10 were calculated at the final position of equilibrium reached between the two species. Here of course dnftdt -dn2/dt = 0. The values of obtained from tables 6 and 8 and § III (c) were calculated at the points where drift dt first became zero. The value of n x and these points represents the number of Tribolium necessary to prevent further increase of . It was impossible to estimate a accurately: all that can be said is that it must have a small positive value. The values of lcx, k2, < x and inequalities shown in the last column of this table. The outcome of competition in each experiment corresponded to th at required by these inequalities (see Crombie 19456), and where the initial concentrations varied (tables 1, 2, § III (a)) this had no effect upon the concentrations of each species at which equilibrium was reached (figure 10). Furthermore, the values of a and /? obtained from equations (3) for Tribolium (%) and Oryzaephilus (n2) competing in fine flour were surprisingly close to those given above which Were calculated (on the basis of somewhat arbi trary but reasonable assumptions) from direct observation of competition in this medium. The point to point correspondence between equations (3) and the experi mental data was usually not very good. Two such calculated curves are shown in figure 10 . The method of obtaining such curves is described in a previous paper (Crombie 1945 6) . For th at (figure 10a) fitted to the data in to th e d a t a in ta b le s 6 a n d 7 (to ta ls). T h e th e o r e tic a l c u rv e fo r ta b le 7 w a s c a lc u la te d fro m e q u a tio n s (3) u sin g th e v a lu e s cl = 0*018 a n d /? = 2*7, o b ta in e d fro m d ir e c t o b s e rv a tio n s o f th e c o m p e titio n b e tw e e n th e s e tw o sp ecies. T h e o th e r c o n s ta n ts w e re k 1 = 425 a n d = (ta b le 14). approximate values were obtained by fitting logistic equations to the data in figure 10 (c) ) the following approximate values were obtained by fitting logistic equations to the total population in tables 4 and 5, respectively: 6X = 0-087, b2 = 0-076. The values of the other constants were: = 320, 440, < x -0-018, /? = 2-7. As the population growth of these species does not strictly obey the 'logistic' law, one could hardly expect equations (3) more than merely to represent accurately the outcome of competition between them.
In Park, Gregg & Lutherman's (1941) study of the competition between the beetles Tribolium confusum, Gnathocerus cornutus and versico fine flour, coarse rolled oats and yeast, the outcome of competition often depended on the initial concentrations of the competing species. Thus, when Tribolium got well established it always drove out Gnathocerus, but when the Tribolium adult popula tion was reduced to a low value by an epidemic infection it was exterminated by superior numbers of Gnathocerus, which apparently eats its eggs, small larvae and pupae. But if the Tribolium adult population were not made by the infection to undergo violent oscillations, it seems probable that it would always exterminate Gnathocerus. Tribolium always exterminated Trogoderma, irrespective of initial imaginal densities, at a rate roughly proportional to the initial concentration of Tribolium. With equal or superior initial densities of Gnathocerus this species always exterminated Trogoderma. Gnathocerus seems to have inhibited pupation and emergence (perhaps by predation). When Trogoderma had the initially higher density, Gnathocerus was exterminated. The values of the constants kx, k2, a, and (1 calculated from the data in their tables 15 and 16 usually correspond to the fourth condition of equilibrium for the Lotka-Volterra simultaneous equa tions (Crombie 1945) , where the inhibition of each species by the other is greater than its auto-inhibition, and it is initial densities which chiefly determine which species will exterminate the other. But the nature of the competition between these species is not yet fully understood. V I. D isc u s sio n 'I t is good to try in imagination to give any one species an advantage over another. Probably in no single instance should we know what to do. This ought to ' convince us of our ignorance on the mutual relation of all organic beings; a con viction as necessary as it is difficult to acquire. All th at we can do, is to keep steadily in mind th at each organic being is striving to increase in a geometrical ra tio ; th at each at some period of its life, during some season of the year, during each generation or at intervals, has to struggle for life and to suffer great destruc tio n ' (Darwin, Origin of Species, p. 78). The comparison of the rates of oviposition with the rates at which adults emerged shows th at there was a mortality of over 99 % in the immature stages in saturated populations of three of the four species of insect studied and of about 90 % in saturated populations of Sitotroga cerealella (Crombie 1942 (Crombie , 1943 (Crombie , 1944 (Crombie , 1945 )-The immature stages were therefore subjected to an immense struggle for existence (cf. Clements & Shelford 1939; Graham 1939) . This is reflected in the competition between two different species, which always depended mostly upon the destruction and resistance to destruction of the im mature stages of one species by the other. I t can be shown (Crombie 1943, p. 95) that, theoretically, if two species with identical needs and habits colonize the same limit ed environment one will eliminate the other unless density-independent factors keep the population low enough to eliminate competition. Of the insect species studied in these papers, Rhizopertha exterminated Sitotroga because th the same needs and habits, and Tribolium eliminated Or environments in which the immature stages of the latter were specially protected. Species whose needs and habits differed sufficiently survived together in the same environment. Thus Oryzaephilus was able to survive with either Rhizopertha or Sitotroga, and Rhizopertha with Tribolium. The same principle operates among the organisms inhabiting sewage described by Lloyd, Graham & Reynoldson (1940) and Reynoldson (1943) , and in the competition between hymenopterous parasitoids described by Parker (1933) and Smith (1933) . According to the latter author the larva of the hymenopteran Scutellista preys on the eggs of the black scale Saissetia oleae, which are found beneath their parent's body. When the former insect was introduced from South Africa into California the native hymenopteran, Tomocera californica, which has almost identical habits with Scutellista cyanea, its larvae also feeding on the eggs of S. oleae beneath the parent scale (Clausen 1940, p. 210) , was almost although not en tirely eliminated.
As already pointed out (Crombie 1945) , this principle may affect the character istic fauna and flora of a particular locality in two ways (Carpenter 1939; Clements & Shelford 1939) . I t may determine the abundance and distribution of individuals of the same biotype in biotic communities. This is well illustrated by the discovery of Elton (1944 a, 6 ), based on a study of fifty sample surveys of animal com munities in widely different habitats and parts of the world, 'th at species belonging to the same genus tend strongly not to occur in the same area of any major habitat at the same tim e'. He suggests th at 'this is attributable to competition for re sources available in a particular ecological niche'. Species of the same genus are likely to have the same needs and habits. 'It would follow th at the successful introduction of a new species will usually cause the decrease, often disappearance, of one of the species already present.' Possibly the rather constant relationship discovered by Fisher, Corbett & Williams (1943) between the number of species and the number of individuals in a random sample of an animal population may be capable of an analogous explanation (cf. Graham 1933) . The second important operation of the above principle may be to lead by 'sympatric speciation' (Mayr 1942) to evolutionary change (Huxley 1942; but cf. Hogben 1940) . Sympatric species are those which occur together in one area, as opposed to allopatric species which
